Statement of the problem: The 2 step ceramic surface treatment " HF acid etching followed by silane application" has been used for years to secure an efficient bond between ceramics and resin cements, however the urge for simplification and making the bonding procedure less technique sensitive have pushed the dentists to shift to one step ceramic surface treatment "self etch ceramic primer". Although studies proved their reliability, till now there is no data available on their effect on bond stability in different pH conditions
INTRODUCTION
All-ceramic restorations success depends mainly on efficient bond establishment between ceramic material and underlying dental tissues especially for conservative restoration designs as endocrowns and laminate veneers [1] . The production of stable bond relies on thorough recognition and analysis of the ceramic microstructure together with choosing the appropriate surface treatment protocol and adhesive resin cement. The prime purpose of ceramic pretreatment is generating surface microirregularities followed by ceramic primer application that promotes bonding to a more hydrophobic adhesive [2, 3] . The ceramic surface pretreatment protocol differs according to the material; whilst feldspathic glass ceramics and leucite-reinforced glass ceramics require etching with 5-10% hydrofluoric acid for 60 seconds, lithium disilicate glass ceramics require only 20 seconds where the acid reacts with the silica based glass matrix forming hexafluorosilicates. The glassy phase is then selectively removed exposing the crystalline structure. Hence, ceramic surface becomes rough, creating the desired micromechanical retention of the surface [4] . The etched surface also aids in increasing surface energy essential for combining with the subsequently applied organo-silane primer [5] . Whereas airborne-particle abrasion surface pretreatment is recommended for zirconia, alumina based ceramics and composite resins [6] . As for the novel hybrid ceramics, surface pretreatment varies from one type to the other, as some require hydrofluoric acid etching while others require micro-abrasion depending on their microstructure and manufacturing method [7, 8] .
Silanization of the surface treated ceramics then follows as it is considered a standard protocol [9] . Silanes is formed of inorganic-organic hybrid compounds containing one or more silicon atoms (Si) directly bonded to carbon (C) atoms. They are able to promote chemical bond between organic and inorganic compounds available in the resin and ceramic surfaces through covalent siloxane bonds [10] . Besides, silanes facilitate ceramic surface wetting, increase surface free energy and promotes the resultant adhesion strength [11] .
Nowadays, optimal ceramic surface treatment protocol achieving the best clinically resin cement bonding became an important issue for research. Many studies have figured out that hydrofluoric acid etching is the gold standard for glass ceramics treatment (9) . However, health hazards and toxicity of HF acid became a well documented issue arising clinical concern [12] . Moreover, issues about possible detrimental hydrofluoric acid effects on ceramic strength have been investigated [13] . Thus, alternative methods for ceramics pretreatment have been suggested [14] .
A single component ceramic primer has recently invaded the dental field known as self-etching ceramic primer (Monobond Etch & Prime, Ivoclar Vivadent, Schaan, Liechtenstein) as an alternative to routine approach of using hydrofluoric acid etching step followed by application of silane coupling agent. The primer contains polyfluoride for etching and trimethoxypropylmethacrylate for silanization. The innovative technique intends to eliminate the toxic risk of using the hydrofluoric acid as a separate step. Besides, the time required and technique senstivity of ceramic etching is reduced compared to conventional methods. (15) Irrespective to the surface treatment or adhesive protocols, bond strength stability of ceramic-resin complex has been challenged as there are previous studies figuring out a decrease in bond strength by half or one-third after storage in humid environment subjected to pH and thermal fluctuations (16) (17) (18) (19) (20) . Thus, it has been proposed that for clinically relevant bond strength evaluation for different ceramic -resin combinations, it is essential to simulate possible intraoral conditions such as the saliva and pH that might significantly affect the adhesive interface characteristics (21) Previous studies have figured out the effect of different oral ph media on the corrosion rate of dental ceramics. (22) (23) (24) (25) (26) (27) (28) (29) Acidic liquids such as soda beverages (pH 2.525-4.038 for common brands) (30) and fruit juices (pH 2.0-5.50) as well as alkaline media, such as lima beans or soy beans (pH 12), spinach (pH 8.3), and antacids (pH [10] [11] [12] [13] [14] , can also affect the surface characteristics, chemical durability and fracture strength of ceramics as concluded by earlier researchers (31) (32) (33) (34) However the effect of pH media on resin ceramic bond strength stability has not been thoroughly investigated.
Accordingly, the present study was conducted to examine microshear bond strength between adhesive resin and different ceramic materials (Lithium disilicate, PICN and ZLS) preatreated with two different protocols ;2 step (etching followed by priming) and 1 step (self etching priming) after being subjected to different pH conditions (acidic, neutral and alkaline).The null hypothesis was that there would be no significant difference in bond strength between both ceramic pretreatments for the different ceramic materials under various pH conditions
MATERIALS AND METHODS
A total of ninety ceramic discs were fabricated in this study from CAD/CAM blocks. The discs were divided into three groups according to ceramic material as follows; Group 1: Thirty discs constructed from lithium disilicate glass ceramic (e.max CAD), Group 2: Thirty discs constructed from polymer infiltrated ceramic-network material (VITA ENAMIC) and Group 3: Thirty discs constructed from Zirconia-lithium silicate glassceramic materials (VITA SUPRINITY). Each of the previous groups were further subdivided into two equal subgroups according to the surface treatment protocol used as follows; Subgroup 1: fifteen discs were treated with 2 step bonding protocol (etched with hydrofluoric acid followed by silane application) and Subgroup 2: fifteen discs were treated with 1 step application of self etching primer (Monobond etch and prime). The two subgroups were again equally divided (5 each) and assigned to one of the three storage solutions with different pHs : acidic, neutral and alkaline media as shown in figure 1 
Preparation of the ceramic specimens
The ceramic discs were sectioned from IPS e.max CAD blocks (Ivoclar Vivadent, Schaan, Liechtenstein), VITA ENAMIC blocks (Vita Zahnfabrik, Bad Sackingen, Germany) and VITA SUPRINITY blocks (Vita Zahnfabrik, Bad Sackingen, Germany) under copious water irrigation with a precision cutting machine Isomet 1000 (Buehler,Lake Bluff, USA). The obtained sectioned samples had thickness of 2 mm. Thorough Fig. (1) Flow chart representing samples' grouping inspection of the samples was then done using magnifying lens for any surface defects. A digital caliper was also used to check thickness uniformity at the middle and margins of each disc. Ultrasonic cleaning bath was then done for sectioned samples for 15 minutes.
For the e.max CAD and VITA SUPPRINITY, final crystallization was then preformed to attain full strength properties of the material following the firing program recommended by the manufacturer for each material.
Surface treatment of the samples:
Each group of the tested ceramic materials was randomly divided into two equal subgroups (n=15) and assigned to one of the following surface treatment protocols: 1) Two step treatment consisting of an etching step with 4.8% hydrofluoric acid (IPS Ceramic Etching gel, Ivoclar Vivadent. Schaan, Liechtenstein) for 20 seconds for e.max CAD and VITA SUPPRINITY whilst VITA ENAMIC was etched for 60 seconds. The acid was then thoroughly rinsed under running water for 20 seconds and then dried for 10 seconds with oil free air. Then a second step of silane-coupling agent (RelyXTM Cermic Primer. 3M ESPE, USA) application was done by microbrush which was allowed to dry for 1 minute. Afterwards, the excess was spread with an air stream to ensure the solvent evaporation.
2) One step treatment by self etching primer (Monobond Etch & Prime, Ivoclar Vivadent Schaan, Liechtenstein), which was applied using a microbrush on the ceramic substrate. Subsequently, it was agitated into the surface for 20 seconds, allowed to react for additional 40 seconds. Finally, it was thoroughly rinsed off with an air/water spray jet for 20 seconds and dried for 10 seconds with oil-free air.
Resin application on treated ceramic substrate
The specimen preparation methodology for the microshear bond strength followed a study that was developed by Shimada (35) For both groups, Adhesive resin (Single Bond 2,3M ESPE, USA) was then applied using a brush on the ceramic areas designated to receive the resin microtubulues.
Each ceramic substrate surface received 5 resin microtubules. A transparent polyvinyl tube with inner diameter 0.9mm was cut to form small microtubules of 1 mm height. Each micro-tubule was adjusted over the bonded ceramic surface with a 6mm minimum distance between them to allow their insertion and subsequent removal. The previously applied adhesive was then lightly air thinned and cured for 20 seconds using light emitting diode curing unit of high intensity 1500 mW/cm2. The polyvinyl tubes was then filled with flowable nanohybrid composite resin (Filtek TM Supreme Ultra Flowable, 3M ESPE, USA) that was light cured for 40 seconds. The bonded specimens were stored in distilled water at 37˚C for 24 h. The resin cylinders were then exposed by sectioning the polyvinyl tube. The resin cylinders were then checked for completeness and absence of bubbles or excess material at the interface.
Storage of samples in different Ph media
Five samples of each ceramic resin assembly subgroup was randomly selected and designated in one of the following storage media for a period of seven days: 1) (5 ml) Cola solution representing acidic medium having pH value of 2.5
2) (5 ml) Distilled water representing neutral medium having pH value of 7
3) (5 ml) Licorice solution representing alkaline medium having pH value of 8.4
The pH value of the different storage media was measured by a digital waterproof pH meter (Adwa AD 11, Romania) as shown in figure 2. Specimens were immersed individually in closed vials containing 5 ml of each medium and stored at 37 0 in an incubator (CBM.TORRE PICENARDI(CR), Model 431/V, Italy). The solutions were freshened daily to avoid yeast or bacterial contamination and stirred twice daily to reduce the precipitation of particles. By the end of the immersion period, specimens were rinsed with distilled water and wiped with gauze
Micro-shear bond Strength testing
The test was performed using Bluehill Lite Software from Instron®. Each ceramic resin assembly was mounted into central hole of special designed sample holder jig secured with tightening screws to the lower fixed compartment of a material testing machine (Model 3345; Instron Industrial Products, Norwood, MA, USA) with a load cell of 5 kN and data were recorded using computer software (Instron® Bluehill Lite Software). A loop prepared from an orthodontic wire (0.014" in diameter) was wrapped around the bonded microcylinder assembly as close as possible to the base of the microcylinder and aligned with the loading axis of the upper movable compartment of the testing machine. A shearing load with tensile mode of force was applied via universal testing machine at a crosshead speed of 0.5 mm/min. The load required to debonding was recorded in Newton.
Micro-Shear bond strength calculation
The load at failure was divided by bonding area to express the bond strength in MPa : τ = P/ πr 2 where ; τ = μ-shear bond strength (in MPa), P =load at failure (in N), π =3.14 and r = radius of microcylinder (in mm)
The collected data were then tabulated and statistically analyzed.
Data analysis was performed in several steps. Initially, descriptive statistics for each group results. Three-way ANOVA was done to detect effect of each variable (material, surface treatment approaches& pH solutions). One way ANOVA followed by pairwise Tukey's post-hoc tests were performed to detect significance between material groups and pH solutions. Paired t-test was performed between surface treatment approaches. Histograms and charts were created using Microsoft excel. Statistical analysis was performed using Graph Pad Instat (Graph Pad, Inc.) software for windows. P values ≤0.05 are considered to be statistically significant in all tests.
RESULTS

Microshear bond strength test results:
The mean values and standard deviation of µ-shear bond strength test results for all materials as function of both surface treatment approaches and pH solutions are summarized in table (1) and graphically drawn in figure (3). 
Effect of material on microshear bond strength
Regardless to surface treatment approach or pH solutions, there was non-significant difference between the three tested ceramic material as demonstrated by three-way ANOVA test (F=1.9, P= 0.1496>0.05)
Effect of surface treatment approach on microshear bond strength
Irrespective of material or pH solutions, there was significant difference between both surface treatment approach as proven by three-way ANOVA test (F=4.2, P= 0.003<0.05) where two steps approach showed statistically significant higher microshear bond strength value than one step approach
Effect of pH solutions on microshear bond strength
Regardless to material or surface treatment approach, there was significant difference between pH solutions as verified by three-way ANOVA test (F=6.6, P= 0.002<0.05) where alkaline medium showed statistically significant higher microshear bond strength value than neutral and acidic media. Pair-wise Turkey's post-hoc showed non-significant (P>0.05)difference between neutral and acidic media
One step versus two steps surface treatment protocol
With acidic pH: In e.max CAD and VITA ENAMIC groups; it was found that two steps surface treatment approach recorded statistically significant higher mean microshear bond strength value than one step approach as proven by paired t-test (P<0.05), while for VITA SUPRINITY group; it was found that two steps surface treatment approach recorded statistically non-significant higher mean microshear bond strength value than one step approach as demonstrated by paired t-test (P= 0.1945> 0.05)
With neutral pH: In e.max CAD and VITA ENAMIC groups;
it was found that two steps surface treatment approach recorded statistically non significant higher mean microshear bond strength value than one step approach as proven by paired t-test (P>0.05), while for VITA SUPRINITY group; it was found that two steps surface treatment approach recorded statistically significant higher mean microshear bond strength value than one step approach as demonstrated by paired t-test (P= 0.03<0.05)
With alkaline pH: In e.max CAD and VITA ENAMIC groups;
it was found that two steps surface treatment approach recorded statistically significant higher mean microshear bond strength value than one step approach as proven by paired t-test (P<0.05), while for VITA SUPRINITY group; it was found that two steps surface treatment approach recorded statistically non-significant higher mean microshear bond strength value than one step approach as demonstrated by paired t-test (P= 0.2121> 0.05)
DISCUSSION
Simplification of the adhesive protocols and decreasing technique senstivity of the bonding procedure is a prime target of novel dental introductions. One of these innovations was the introduction of one-step self-etching ceramic primer (Monobond® etch and prime, Ivoclar Vivadent, AG) as the first of its kind to the market. It offers a hydrofluoric acid-free etchant and primer monomers applied only in one step (36) .
However, for recent materials to be accepted, they should be thoroughly investigated through both laboratory and clinical studies under different situations.
Although hydrofluoric acid etching of different types of ceramics followed by silane application has been considered as golden standard for surface treatment of those ceramics and proved to achieve superior bond strengths with the subsequently applied adhesives (6) . However, other aspects to be considered are that HF acid has the risk to debilitate the mechanical properties of ceramics [37] [38] [39] [40] , Besides, cases reporting soft tissue and bone necrosis over prolonged exposure to hydroflouric acid have been published [41] .This made the introduction of the new category of self etching primers a very promising alternative.
Until now, few studies have investigated the bond strength of self etching primers and revealed encouraging results [42] [43] [44] [45] . However, the available data regarding the effect of storage in different pH solutions on resin ceramic bond strength after subjecting the ceramics surface to treatment by monobond etch and prime treatment has not been tested yet.
Thus, the aim of this study was to investigate the microshear bond strength between adhesive resin and three different groups of most commonly used ceramic materials (Lithium disilicate, PICN and ZLS) preatreated with two different protocols ;2 step (etching followed by priming) and 1 step (self etching primer) after being subjected to different pH conditions (acidic, neutral and alkaline).
The physical and chemical characteristics of the oral cavity affects the properties and performance of various restorative materials. (46, 47) An important factor that should be considered during evaluation of dental restorations is the oral pH. However, the effect of pH media variation on the performance of dental restorations is not well established. This makes it very beneficial to introduce the various pH conditions that might be present in the oral cavity in the methodology used for assesment of dental ceramics in order to clinicaly simulate the oral conditions.
The Ph values chosen in this study represents different conditions present in the oral cavity namely (acidic, neutral, alkaline). The acidic oral ph was found to be more common in heavy citrus fruit and carbonated beverages consumers, in patients suffering from chronic medical problems such as chronic periodontitis, chronic gastric regurgitation and chronic renal failure (48) .While alkaline oral ph was more prevalent in vegetarians, individuals having alkaline based diet, patients using frequent antacids as well as populations having chronic generalized gingivitis (49) . The neutral pH that was represented by distilled water was chosen as a control medium to simulate normal oral conditions. A period of 1 week was chosen for storage of samples as the total study period. This should be equivalent to about six months of clinical ageing. (50, 51) which can give a clue about short term ceramic resin bond durability.Further studies are thus recommended to assess the effect of longer storage periods.
The methodolgy of evaluation proposed in this study was the microshear bond strength that followed the protocol introduced by Shimada et al (35) . This type of testing offers multiple advantages as it uses small cross sectional specimens which avoids heterogeneous stress distribution and cohesive failures that are common with large transverse specimen diameter. Besides, several specimens could be obtained from one sample, thus offering a time saving and cheaper solution compared to other microadhesion tests as microtensile one where the specimen need to be cut into rods after the adhesive procedure which might lead to the microcracks formation and propagation in the early stage of the test. (52) (53) (54) .
According to the results of the present study, the null hypothesis expecting that there would be no significant difference in bond strength between both ceramic pretreatments for the different ceramic materials under various pH conditions was partially rejected as there was significant difference in bond strength between both treatment protocols under different storage media.
Results of the mean bond strength values for all groups and subgroups nearly fell in the value limit of 10-13 MPa which was suggested by Thurmond as the minimum for acceptable clinical bonding (55) Regarding the effect of ceramic surface treatment protocol on the mean microshear bond strength irrespective of material or pH solutions, results revealed that the two steps approach had statistically significant higher value than one step approach. This could be mainly attributed to the presence of ammonium polyflouride acid in the monobond etch and prime which is a weak acid salt of hydrofluoric acid in contrast to the two step surface treatment protocol which utilizes a stronger 5% hydrofluoric acid as an etchant.It was well documented by earlier studies that the number, width and depth of the microporosities is directly related to the concentration of acid and duration of etching.The use of weaker acid or shorter etching time results in an underetched surface which in turn reduces bond strength (56) . Under etching partially etches the glassy matrix creating shallower porosities which may impede complete penetration of the subsequently applied viscous resinous material (57) Previous studies also demonstrated positive correlation between ceramic surface area, roughness and wettability which are important parameters affecting bond strength with concentration of acid and etching duration (56, 58, 59) A study conducted by Asiri et al in 2018 (60) showed that ceramic specimens treated with two step protocol had higher roughness values and bond strength than that treated with one step self etching primers. Another study was carried by Sherer et al in 2018 (61) examining lithium disilicate ceramic surfaces treated with one step and two step conditioning methods using scanning electron microscope. This study showed that etching patterns achieved with Monobond etch and prime was superficial when compared with hydrofluoric acid application. This finding also supports results of the present study. Another explanation of our results is that when the manufacturers protocol was followed during application of Monobond etch and prime, it was thoroughly rinsed using air water spray after it was agitated for 20 seconds and left to react for additional 40 seconds. This might cause partial washing of the silane coupling agent in contrast to the two step protocol where the silane coupling agent was only air thinned. Our results regarding effect of etching protocols on the bond strength were in accordance with earlier studies (44, 60) However, it was not consistent with previous study conducted by Siqueira et al who found no significance difference between both treatment protocols. Reasons for this inconsistency might be related to different sample size and adhesive systems. (62) When discussing the effect of pH solutions on microshear bond strength regardless to material or surface treatment approach, there was significant difference between pH solutions where alkaline medium showed significant higher microshear bond strength value than neutral and acidic media. It is well recognized from previous studies that immersion in aqueous media leads to hydrolytic degradation of silane promoted adhesive interfaces. This phenomena is caused by hydrolytic breakage of siloxane bonds at the interfacial layer lowering the bond strength (63) . The reason for higher bond stability in alkaline media compared to neutral and acidic media might be attributed to the fact that precipitated alkaline compounds at interface can withstand presence of moisture (64) . This was in accordance to Lorenzoni et al (65) who evaluated the effect of an alkaline primer agent on bond strength to zirconia ceramics. They postulated that the increase in the availabilty of hydroxyl groups (OH) after immersion in alkaline medium might have favored delayed acid base reaction between the metal oxides present on the ceramic surface with acidic primer agents and resin composites increasing bond strength.
When observing the results of one step versus two step treatment protocols for different ceramics, VITA SUPRINITY group stored in acidic and alkaline media, showed no statistical significant difference between the two surface treatment protocols in contrast to e.max CAD and VITA ENAMIC groups where the two step treatment showed higher statistical significant difference than one step treatment. This difference could be attributed mainly to presence of noticeably higher percentage zirconia fillers in VITA SUPRINITY compared to e.max CAD and VITA ENAMIC groups (66) .The toughness of these zirconia fillers might devalue the effect of surface treatment protocol on microshear bond strength for the VITA SUPRINITY ceramics making them more chemically stable in both acidic and alkaline media.
Limitations of this study are mainly due to its invitro nature where there is absence of salivary washing effect, cyclic loading as well as thermal fluctuations that might influence shear bond strength. However, its objective was clear to investigate the sole effect of different ph solutions on resin ceramic bond strength utilizing 2 surface treatment protocols which gives an informative and more precise conclusion regarding this factor. Further investigations are highly recommended to assess long term stability of resin ceramic bond strength under various oral conditions using different ceramics and alternative surface treatments.
CONCLUSIONS
Within the limitations of this study, the following conclusions and clinical recommendations could be advised: 1) Although microshear bond strength of the two step etch and prime surface treatment protocol was significantly higher than that of one step self-etching ceramic primer protocol,however the values for all tested materials under various Ph conditions were nearly within a clinically acceptable range, thus it could be suggested that self etching primers can be safely used without affecting clinical performance of the restorations.
2) In patients subjected to predominately acidic or alkaline oral pH environments, both surface treatment protocols can be safely used when VITA SUPPRINITY restorations are indicated, however when VITA ENAMIC or e.max CAD are used, it is recommended to use the two step surface treatment protocol to ensure more stable bond strength
3) In patients having a neutral balanced oral pH environment, both surface treatment protocols can be safely used when VITA ENAMIC or e.max CAD restorations are used, however when VITA SUPPRINITY is recommended, it is advisable to use the two step surface treatment protocol to yield better ceramic resin bond durability.
4)
Generally speaking, VITA ENAMIC restorations combined with one step self etching primer are not recommended for patients having acidic pH oral media as it yielded the lowest bond strength values between all subgroups
